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0 Article removal control system. 



0 A system for controlling removal of articles from 
a facility by autiiorized users transmits data to, and 
receives data from, an article inventory control sys- 
tem and an electronic article surveillance system, 
either or both of which may be pre-existing. The 
inventive system comprises a temninal which iden- 
tifies the user and article, transmits the user and 
article identification data to the article inventory con- 
trol system, receives article removal authorization 
data from the article inventory control system, veri- 
fies the Identity and number of articles to be re- 
moved, and enables the user to remove the article 
Withrough the electronic article surveillance system. 
^The prefen-ed embodiment is adapted for a library, 
(gand is designed to provide library patrons with the 
viability to check boolcs out of the library without staff 
^^ assistance. 
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ARTICLE REMOVAL CONTROL SYSTEM 



Technical Reld 



This invention relates to a system for control- 
ling removal of a specifically identified article from 
a facility by a specifically authorized user. 



Background 



Article inventory control (AlC) systems, in gen- 
eral, authorize, track, and control movement of a 
given article within a facility by a given user. An 
example is a library circulation control system. In 
this case, a user could Identify himself or herself 
with an identification card containing magnetically 
or optically detectable data (e.g.. a barcode). The 
articles, books in the collection of the library, typi- 
cally would have a similar identifying label. Usually 
a computerized user database contains identifica- 
tion data on all registered patrons of the library, 
and a similar article database contains Identification 
data on all books In the library. When someone 
desires to remove a book from the library, the 
library circulation control system will first verify that 
the person is an authorized patron of the library, 
i.e., tiiat the person is authorized to check out any 
book, or any of a particular class of books. The 
system will then verify that the particular book may 
be removed from the library, e.g. tiiat it is not **on 
reserve." If botii tiie user and the book are au- 
thorized -by the system, tiie book may be removed, 
("checked out") by tfiat user. This autiiorization is 
often a visual or audible signal to library personnel. 
Additionally, but not required, the system could 
maintain data which conrelates the specific user 
witii tiie specific books checked out, and may Issue 
fine notices, usage reports, and the like. 

To prevent unauthorized removal of articles by 
users of facilities, electronic article surveillance 
(EAS) systems may also be employed. An elec- 
tronic article surveillance system Is defined as a 
system which comprises: 

(1) a remotely intenrogatable marker attached 
to a given article; 

(2) means for interrogating and sensing the 
marker within an interrogation zone, tiiereby deter- 
mining presence of the article; and 

(3) means for preventing removal of the arti- 
cle by a user of the fadllty. 

For the purposes of this invention, the term 
"removal" is understood to include the ability of 
the user to gain access to an article, to move an 
article from one point to another witiiln a facility, to 



bring an article into a facility, or to remove an 
article from a facility. The last of tiiese is a com- 
mon use of EAS systems. However, an EAS sys- 
tem as defined above can control, for example, the 

5 routing of articles from one portion of a factory 
assembly line to another. 

Many EAS systems employ a magnetic 
"marker" attached to an article, witii appropriate 
marker inten'ogation and sensing apparatus located 

10 at one or more locations in tiie facility. Typically, 
removal of an article is prevented by restricting 
movement of tiie article within or from tiie facility, 
as with a lockable exit gate. The gate is locked in 
response to an alarm signal when a marker is 

75 detected wittiin an interrogation zone located im- 
mediately before tiie exit. In tiie library example 
used above, the marker may comprise a piece of 
magnetic material adapted to be inserted in the 
book spine or attached inside the book cover. 

20 Typically, EAS systems employ permanently 
or reverslbly deactivatable maricers and the appara- 
tus associated with them. Such markers are also 
known as "dual status" markers. Permanently 
deactivatable markers are preferred where It is 

25 appropriate in certain circumstances for an article 
to pass tiirough the interrogation zone witiiout pre- 
venting removal. For example, in a retail store. If an 
article of merchandise has been purchased in a 
particular department, the marker may be deacti* 

30 vated at tiiat point so that an interrogation zone in 
anotiier department will not activate the marker. 
Reactivatable maricers are appropriate, for example, 
in libraries where patirons who check out a book for 
an extended period of time may subsequentiy visit 

35 the library with ttiat book during ttiat period. In this 
case, tiie system should not prevent subsequent 
removal of tifie book until the book has been re- 
turned, the marker reactivated, and the book re- 
tumed to circulation. 

40 Integration of tiie functions of tiie two systems 
described above into a single system Is known in 
the art For example, U.S. Patent 3,665,449 (Elder 
et ai.) at column 15, lines 62-67 generally suggests 
that automated library checkout systems may be 

45 combined witii EAS systems. More specifically re- 
lated to the present invention, U.S. Patent 
4,141,078 (Bridges, Jr. et al.) discloses an auto- 
mated library circulation control system which pro- 
vides for patron Identification via a card reader, 

50 book identification via an optical reader, modifica- 
tion and interrogation of computer data files, an 
electi'omagnetic device for magnetizing and de- 
magnetizing a magnetic stiip in each book, detec- 
tion of unauthorized removal of books from the 
library, and other functions. The disclosure of U.S. 
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Patent 4,141,078 (Bridges. Jr. et al.) fs incorporated 
by reference into this application. 

Application of ttiis type of Integrated system 
may be difficult especially in libraries in which one 
or both of the individual systems are in cunrent 
operation. For example, some existing EAS sys- 
tems cannot distinguish individual markers, only 
whether a sensitized marker Is present. Thus a 
single library might employ markers which are 
identical, even on different types of books in the 
collection. The marker therefore may not already 
contain coded inventory data which could identify 
the type of article to which it is attached. A library 
with such an EAS system in place, but no comput- 
erized inventory control system, would have to add 
a unique inventory control marker to each book. 
Each book generally must be uniquely identified, 
including the identification of multiple copies of a 
single title, some of which may be in general 
circulation while one is on reserve. 

Furthermore, present EAS systems generally 
are not designed to receive removal authorization 
signals from AlC systems added later. Thus, for 
complete article removal control in such a facility, it 
is necessary to have separate article Inventory con- 
trol and article surveillance systems, and usually a 
manual, labor intensive, connection between the 
two. In a library, such a connection might be a 
circulation clerk who. seeing a flashing light on the 
AIC system indicating book removal authorization, 
physically passes a book through a marker deac- 
tivation device of the EAS system. Another pos- 
sibility is for the circulation clerk to manually by- 
pass the removal prevention means, e.g., phys- 
ically passing the book around the interrogation 
device and handing the book to tiie patron on the 
other side of the lockable gate. Since the patron 
would pass through the inten'ogation zone without 
any marked books, the gate would remain unlocked 
and thus allow ttie patron to exit tiie library. 



Summary of the Invention 



The invention is an article removal control sys- 
tem for enabling removal of a given article only by 
a given autiiorized user from a facility which has: 

(a) an article inventory control system which 
responds to inputs including user identification data 
and article identification data to issue an article 
removal autiiorization signal, and 

(b) an electronic article surveillance system 
which controls removal of the article by detecting 
within an interrogation zone a sensitized electi'on- 
ically detectable marker secured to the article; tiie 
article removal control system comprising: 

(c) an article removal authorization signal 



receiver and 

(d) means responsive to the article removal 
authorization signal for initiating removal of the 
given article, comprising 
5 (1) a measurer of a characteristic of the 

given article, 

(2) a receiver of a coded input signal 
representing the measured characteristic. 

(3) a comparer of the measured char- 
to acteristic and the coded input signal, which pro- 
duces a verification signal If they are substantially 
equal, and 

(4) an enabler which upon receipt of the 
verification signal enables the initiation of the re- 

75 moval of tiie given article. 



Brief Description of the Drawing 

20 

Figure 1 is a schematic block diagram of a 
preferred embodiment of the invention and asso- 
ciated components. 

Figures 2 and 3 are detailed schematic block 
25 diagrams of components of Figure 1. 

Figure 4 is a detailed schematic block dia- 
gram of ttie terminal component of Rgure 1 . 

Figure 5 is a perspective view of a preferred 
embodiment of ttie terminal component of Rgure 4. 
30 Figure 6 is a side cut-away view of a pre- 

ferred embodiment of tiie transmitter component of 
Figure 1. 

Rgure 7 is a side cut-away view of a pre- 
ferred embodiment of the receiver component of 
36 Figure 1. 

Detailed Description 



40 Figures 1-4 are schematic diagrams In which 
major components of a preferred embodiment of 
the invention are located within a portion of a 
facility generally indicated as 100. Witiiin ttie fa- 
cility is at least one article 110, attached to which 

45 are an article identification code 220, an electronic 
article surveillance (EAS) marker 310, and an arti- 
cle characteristic code 460. The codes 220 and 
460 could be parts of a single label, similar to a 
Universal Product Code (UPC) label, 

50 The article inventory control (AIC) system 200 
and electronic article surveillance (EAS) system 
300 may exist within tiie facility prior to the installa- 
tion of the inventive system, or may be installed at 
or about the same time. 

55 The AIC system 200 includes a user identifica- 
tion card 210. In general, tills system Identifies a 
user (not shown) through tiie user Identification 
card 210. and similarly identifies the article 110 
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through the article Identification code 220. The 
article identification code could be permanently af- 
fixed to the article itself, embedded or inscribed on 
the article, or affixed to a tag adapted to be at- 
tached to the article. The AlC system determines if 
the Identified user Is allowed to remove the Iden- 
tified article from the facility. If so, the AlC sends 
an article removal authorization signal 270 to the 
terminal 400. If not. removal of the article is pre- 
vented as described below. Other functions of the 
AlC system not required here, such as storage of 
the time and date of use, etc., may also be per- 
formed before the article removal authorization sig- 
nal 270 Is sent to the terminal. 

The EAS system 300 interrogates the EAS 
marker 310 with interrogation signal 322, receives a 
sensed signal 324, and, upon receipt of a verified 
article removal authorization signal 710, allows the 
user to remove the article from the facility. 

The inventive system comprises, in this pre- 
ferred embodiment at least one terminal 400. In 
general, the terminal 400 converts user and article 
identification data 412 and 422, respectively. Into 
transmitted user and article identification signals 
232 and 242, respectively, which are passed to the 
AlC system 200 for the identification of the user 
and article as described above. 

Other inputs to the terminal 400 are an article 
characteristic measurement 432 and a coded arti- 
cle characteristic measurement 442. In the embodi- 
ment shown in Figure 1 , the source of the ceded 
article characteristic measurement is the article 
characteristic code 460 attached to the article 110. 
The coded article characteristic measurement 442 
is entered at the terminal by the user 120. This 
embodiment is preferred but not required; the cod- 
ed article characteristic measurement 442 could be 
introduced to the terminal automatically in a man- 
ner similar to that used for the user or article 
Identification data 412 or 422, respectively. The 
embodiment shown requires interaction between a 
user and the terminal 400. which can be used to 
improve the security of the total system. 

The temninal compares the article characteristic 
measurement 432 with the coded article character- 
istic measurement 442. If the two agree (within 
suitable tolerances). It is presumably verified that 
the entire article 110, and only that article, is phys- 
ically present at the terminal, and not just the 
article identification code 220 (which might have 
been removed from the article, if possible), or more 
than one article (which would produce a different 
article characteristic measurement 432). When both 
this agreement and the article removal authoriza- 
tion signal 270 are present the terminal issues the 
verified article removal authorization signal 710 to 
the EAS system 300. 

In this way. communication between the sepa- 



rate systems 200 and 300 is established. The re- 
sult is that the EAS system permits a given article 
to be removed from the facility only by a given 
authorized user, as determined by the AlC system. 

5 Signals 232, 242, and 270, however, present 

special difficulties. As stated earlier, many present 
AlC systems are not adapted to communicate with 
other systems to provide the benefits of this inven- 
tion, especially if the AlC system is not designed 

10 and/or installed contemporaneously with an EAS 
system. As disclosed below, this Invention utilizes 
existing AlC signals in the integration of AlC and 
EAS functions without requiring significant modi- 
fications to the AlC system or "hardwired" connec- 

75 tions between the two systems, in order to disclose 
this, additional description of the AlC and EAS 
systems is useful. 

Figure 2 is a schematic block diagram of a 
typical prior art article inventory control system 

20 200. As stated above, inputs to tills system are the 
transmitted user Identification signal 232, and the 
transmitted article Identification signal 242. The 
output from tiie system is tiie article removal au- 
thorization signal 270. The transmitted user iden- 

25 tification signal 232 is evaluated by a user identifier 
230 (e.g., a database is searched), and a deter- 
mination is made whether the user is known to tiie 
system. If so. a verified user identification signal 
234 Is Issued to an article removal authorizer 250. 

30 Similarly, the transmitted article identification signal 
242 is evaluated by an article identifier 240 (e.g., 
another database is searched), and a determination 
is made whetiier the article is known to the system. 
If so, an articie identification signal 244 is issued to 

35 the article removal auttiorizer 250. The article re- 
moval authorizer 250 uses both verified identifica- 
tion signals 234 and 244 to decide if tiie user is 
authorized to remove the article from the facility. 
(Additional considerations, not shown, may include 

40 the time of day, number of previous removal re- 
quests by a given user in a day, and the like.) If so, 
an article removal authorization signal 270 is pro- 
duced. If any of the evaluations, determinations, 
etc.. above indicate an unauthorized user and/or 

45 unauthorized article, the article removal authoriza- 
tion signal 270 Is not produced. 

Rgure 3 is a schematic block diagram of a 
typical electronic article surveillance system 300, 
including modifications according to tills Invention. 

50 As stated above, this system sends the Inten-oga- 
tion signal 322 to the EAS marker 310 and -receives 
the sensed signal 324 from tiie EAS maricer 310. It 
also receives the verified article removal autiioriza* 
tion signal 710 from the terminal 400. Typically, the 

55 interrogation signal 322 results in an alternating 
magnetic field of known Intensity and frequency In 
an interrogation zone. The sense signal 324 is 
induced as a result of the alternating magnetization 



4 



7 



EP 0 372 716 A2 



8 



in the marker in response to the interrogation signal 
322, and comprises multiple harmonics of the inter- 
rogation signal. When an activated EAS marker 310 
is interrogated and sensed by an 
interrogator/sensor 320, an activation status signal 
330 is created. This signal is used by removal 
preventer 350 to decide if the article to which the 
activated marker is attached may be removed from 
the facility. 

The embodiment shown In Figure 3 is suitable 
for use with permanently deactivatable markers. 
Accordingly, the EAS system 300 further com- 
prises deactivator 340. which receives the verified 
article removal authorization signal 710. The total 
system operates as described above, and addition- 
ally the receipt of signal 710 energizes the deac- 
tivator, which In turn emits deactivation signal 342 
to the marker 310. Typically, deactivation signal 
342 is a high intensity non-alternating magnetic 
field. Once marker 310 is permanently deactivated, 
sensed signal 324 will not be produced upon sub- 
sequent interrogation, and thus the activation status 
signal 330 will be the same as if no marker was 
sensed at all. Therefore, the removal preventer 350 
will not prevent the user to remove the article. 

An embodiment similar to the above is suitable 
for EAS systems employing reactlvatable markers. 
In this case, there will be at least two signals 
received by the EAS system from the terminal. 
One signal would be the verified article removal 
authorization signal 710. which would be used, for 
example, to allow a library user to remove a book 
from the library upon "check out." Upon receipt of 
this signal, the system would operate as described 
above, except the marker will be only temporarily 
deactivated. A second signal (not shown) would 
energize a reactivator, which would emit a suitable 
signal to restore a temporarily deactivated marker 
to active status. This would be used, for example, 
to allow a library user to return a book to the library 
upon "check in." 

Regardless of the type of marker chosen, re- 
moval of articles by users determined to be au- 
thorized by the article Inventory control system is 
accomplished by requiring an appropriate activa- 
tion status signal 330 as described above, 

Rgure 4 is a schematic block diagram of the 
terminal 400. The terminal receives the user iden- 
tification data 412, the article identification data 
422. the article characteristic measurement 432, 
the coded article characteristic measurement 442, 
and the article removal authorization signal 270. 
The terminal sends the user Identification signal 
232. the article identification signal 242, and the 
verified article removal authorization signal 710. A 
user of the facility who desires to remove an article 
from the facility enters his or her user Identification 
data Into the tenninal, e.g., by typing an identifica- 



tion number on an alphanumeric keypad. Similariy, 
the article identification data is entered into the 
terminal, e.g.. by using an optical scanner to read a 
barcode on the article. A user identification receiver 
5 410 receives the user identification data 412 and 
sends an internal user identification signal 414 to 
the user identification transmitter 510. Similarly, an 
article identification receiver 420 receives the arti- 
cle identification data 422 and sends an internal 
70 article identification signal -424 to the article iden- 
tification transmitter 520. Either or both of these 
processes could involve a translation of the input 
signals 412 and 422 into a different encoding for- 
mat, such as from ASCII to BCD. 
75 The user identification transmitter 510 receives 
the intema! user Identification signal 414 and sends 
the transmitted user identification signal 232 to the 
user identifier 230 of tiie AlC system 200. de- 
scribed above (Figure 2). Similarly, the article iden- 
20 tification transmitter 520 receives the internal article 
identification signal 424 and sends the transmitted 
article identification signal 242 to the article iden- 
tifier 240. Bther or both of these processes could 
involve a translation of the internal signals 414 and 
25 424 into a different encoding format, such as ASCII 
to BCD. It is mandatory tiiat the user and article 
identification signals 232 and 242 be compatible in 
coding (e.g.. ASCII) and form (e.g., audible tone, 
varying voltage level, etc.) to ttie signals which the 
30 AlC system is designed to accept. 

The article characteristic measurement is made 
by an article characteristic measurer 430, which 
also produces a measured article characteristic sig- 
nal 434. The coded article characteristic receiver 
35 440 receives tiie coded article characteristic mea- 
surement 442 representing the same characteristic, 
but tiie latter is coded in a form that Is not nec- 
essarily understandable to the user. For example, 
with a keypad as described above, the user may 
40 enter an alphanumeric or other code printed on a 
label attached to the article. Alternatively, if the 
code is in tiie form of a barcode, or the like, It may 
also be automatically entered. The code gives tiie 
value of the characteristic as measured before the 
45 article was made available for removal from the 
facility. In response, the terminal produces a coded 
article characteristic signal 444, and ttie measured 
characteristic verifier 450 compares ttie measured 
and coded signals 434 and 444 to verify that only 
50 the actual article, and not just a tag containing the 
article identification code 220 for example, is in fact 
present at the terminal. This comparison produces 
a characteristic verification signal 452, which Is one 
input to an article removal enabler 700. The use of 
65 a verified measured characteristic of the article Is 
preferred for its accuracy over non-measurement 
based systems such as that taught in U.S. Patent 
4,141.078 (Bridges, et al.). e.g.. at column 6, lines 
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6-14. 

The other input to the article removal enabler 
700 is an internal article removal authorization sig- 
nal 614. This signal is produced by an article 
removal authorization receiver 810. which receives s 
the article removal authorization signal 270 from 
the article removal authorizer 250 of the AlC sys- 
tem 200, as described above. As with tiie user and 
article identification transmitters 510 and 520, the 
article removal authorization receiver 610 could io 
translate the article removal authorization signal 
270 into a different encoding format, such as from 
ASCII to BCD. It is likewise mandatory that tiie 
article removal authorization receiver 610 be ca- 
pable of receiving and understanding tiie article 75 
removal authorization signal 270 which the AlC 
system is designed to emit, Including coding (e.g., 
ASCII) and form (flashing light. RS-232C. 20mA 
current loop, etc.). 

The article removal enabler 700 performs a 20 
logical "and" function, requiring both signals 452 
and 614 to be present before issuing the article 
removal authorization autiiorization signal 710 to 
deactivator 340 of ttie EAS system 300. Thus, the 
issuance of tiie signal 710 identifies to tiie EAS 25 
system that (1) the user is authorized to remove 
the article according to the article removal au- 
tiiorization signal 270, and (2) the article is in fact 
present at tiie terminal according to tiie measured 
characteristic verification signal 452. so 

In certain applications, it may be convenient to 
remove the user identification transmitter 510 
and/or the article identification transmitter 520 from 
tiie terminal 400 and physically locate eitiier or 
botii near the AlC system 200. Similarly, ttie article 35 
authorization receiver 610 may be removed from^ 
tiie terminal 400 and located near the EAS system. 
However, It is prefen-ed to incorporate or duplicate 
the deactivation and/or reactivation functions di- 
rectiy into the terminal 400. In this case, the article 40 
authorization receiver 610 Is not removed from the 
terminal 400. and article removal authorization sig- 
nal 710 is wholly internal to the terminal 400. 
However, the removal preventer 350 would still 
stand alone and include a duplicate 45 
interrogator/sensor 320 operating as described 
above. 

Rgure 5 shows a preferred embodiment of the 
terminal suitable for use In a library. The embodi- 
ment of Rgure 5 includes the preferred configure- so 
tion discussed above, in which certain interrogation, 
sensing, and deactivation functions of the EAS sys- 
tem are additionally incorporated into the terminal, 
in tills embodiment the article 110 is a book, map. 
or other member of tiie collection of the library; a 55 
user of tiie facility Is typically refenred to as a 
"patron" of tiie library; and the EAS system 300 
typically includes as tiie removal preventer 350 a 



gate which is normally locked. Typically, the pa- 
tron, carrying the book, passes through an inter- 
rogation zone immediately before exiting from the 
library or an individual department of the library; if 
ttie electronic article surveillance system interro- 
gates and senses an activated marker attached to 
tiie book (i.e.. ttie marker was not temporarily de- 
activated as part of the book check out procedure), 
the gate is held shut, thereby preventing egress, 
and perhaps also activating a visible or audible 
alarm. 

In the embodiment of Rgure 5. the tenminal 
800 receives ttie user identification signal 412 by 
means of an optical sensor 802. The patron places 
an identification card flat on the book shelf 804 and 
against tiie front face of card rail 803. which holds 
the card in the proper orientation. The identification 
card, in this embodiment, has user identification 
data encoded on it in the form of a barcode or 
other means which can be optically detected. Op- 
tical sensor 801 detects tiie presence of ttie card 
and enables optical sensor 802. The use of two 
optical sensors is not required, but is preferred to 
ensure that ambient light does not trigger optical 
sensor 802 when an identification card is not 
present. Such triggering can cause spurious sig- 
nals which may be improperiy interpreted by the 
terminal or tiie AlC system. As the card is passed 
by tiie patron from right to left, tiie barcode on the 
identification card is read, and the user identifica- 
tion data 412 received. 

The optical sensors could be replaced by de- 
vices known in the art for receiving and decoding 
magnetically encoded data on ttie identification 
card. A similar process of reading the encoded 
data would be use. such as passing ttie card over a 
'*card reader" sensor built into the shelf of the 
terminal. 

The article identification data 422 is also re- 
ceived by tiie terminal. The book is placed flat on 
book shelf 804 and fimnly against the back rail 605. 
Card rail 803 is movable and spring loaded so tfiat 
tiie book lowers it temporarily below shelf 604. The 
book is passed from right to left over the optical 
sensors 801 and 802 until it lies in the corner 
formed by ttie book shelf 804. the back rail 805, 
and ttie side rail 806. thereby covering optical 
sensor 807. This embodiment requires that the 
article identification code 220 be attached to the 
book in a position which will enable the barcode on 
the marker to be read by optical sensor 802 when 
tiie book is held flat on the book shelf 804. 

If the optical sensors are replaced by devices 
known in the art for receiving and decoding mag- 
netically encoded data on the identification card, as 
described above, and it is desired to use ttie same 
device for receiving the article identification data 
422 as ttie user identification data 412, tiie article 
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identification code 220 also must be magnetically 
encoded. However, it is not necessary that the user 
and article identification receivers 410 and 420 be 
identical. 

When the book is passed completely from right 
to left, it covers optical sensor 807, which activates 
the characteristic measuring component 808. The 
terminal monitors optical sensor 807 and aborts the 
checkout process if the book is removed. In this 
position, the book is suitably positioned to allow the 
terminal to measure a characteristic of the book. In 
the preferred embodiment shown, the characteristic 
measured is the thickness of tiie book along the 
dimension perpendicular to the book shelf. The 
preferred means for measuring thickness is an 
ultrasonic ranging measurement of tiie distance 
from the characteristic measuring component 808 
and the book. A prefenred means for ultrasonic 
ranging is available from ttie Polaroid Company 
and is identified as "OEM Ranging Kit** witii prod- 
uct code IP44491. Following the directions pro- 
vided with this product, the ultrasonic ranging 
means is adjusted to measure within tl.B millime- 
ters over a range of 11.5 to 25 centimeters. 

Subtraction of \he distance between the char- 
acteristic measuring component 808 and the book, 
from the known distance between the same point 
and the book shelf 804, yields tiie thickness of tine 
book. In the preferred embodiment, tills thickness, 
pre-measured before the book was placed in cir- 
culation, is coded into a hexadecimal value and 
attached to the book so that tiie user may read it 
as article characteristic code 460. The user enters 
the hexadecimal code by means of tiie user dec- 
laration keypad 809. This embodiment is preferred 
as it requires interaction between the patron and 
the system, which is believed to Increase the secu- 
rity of tiie entire system. The tenninal tiius receives 
measured and entered values of the same char- 
acteristic. 

The terminal then compares tiie measured and 
entered values of the characteristic, and if tiie two 
agree (within acceptable tolerances), the terminal 
concludes that only tiie specifically identified book 
is present at tiie terminal, and issues characteristic 
verification signal 452. If only tiie barcode were 
passed across the optical sensor 802, or if more 
than one book were stacked beneath the char- 
acteristic measuring component 808. the measured 
thickness of tiie book would not agree with tiie 
coded measurement entered by the user. 

Another suitable characteristic is the weight of 
the article. In this embodiment, the terminal would 
incorporate a scale to produce the measured char* 
acteristic, and compare this value to a pre-coded, 
user-entered weight measurement as described 
above. 

The preferred embodiment of the terminal 



shown in Rgure 5 utilizes user and article iden- 
tification transmitters 510 and 520 which are phys- 
ically separated from the terminal, and also a phys- 
ically separated article removal autiiorization re- 

5 ceiver 810, as described above. Thus, tiie terminal 
passes the user identification signal 414 and tiie 
article identification signal 424 to tiie transmitters 
510 and 520 using any moans known in the art. 
typically common wire. As described above, if the 

10 article inventory control system authorizes the re- 
moval of the book from tiie library, tiie terminal 
receives the authorization signal 614 from the re- 
ceiver 610, This too may be received through any 
means known in the art. 

IS Figure 6 is a side cut-away view of a preferred 
embodiment of an optical transmitter 500, which 
incorporates the functions of both the user and 
article identification transmitters 510 and 520. This 
embodiment is suitable for AlC systems which em- 

20 ploy a barcode reader 530 as an element of both 
tiie user identifier 230 and the article identifier 240. 
The optical transmitter is connected with the termi- 
nal 800 by a common cable 540 which carries user 
identification signal 414 and article identification 

25 signal 424 tiirough any convenient signal transmis- 
sion means. Cable 540 terminates on circuit board 
541, which includes light emitting diode (LED) 542. 
Cover 501 Is preferably designed to hold barcode 
wand 530 in close proximity to LED 542. 

30 The circuit of circuit board 541 is designed to 
replicate, by flashing LED 542. tiie barcode signal 
detected by optical sensor 802. Thus, tiie barcode 
wand 530 receives the same user and article iden- 
tification data 412 and 422, in tiie same forrn, as if 

35 the barcode wand 530 had been physically present 
in tiie terminal 800 at the location of optical sensor 
802. A preferred circuit is described in Application 
Note 1008 (published by tiie Hewlett-Packard Com- 
pany in January 1981), modified to operate on a 5 

40 vdc power supply and use a LED as the output 
device instead of a direct wired connection to a 
barcode circuit. This circuit is effective for use witti 
ttie barcode wand 530 of a model 941 OB Portable 
Bar Code Reader supplied by the Interface Mecha- 

45 nisms Company. The optical sensor 802 is prefer- 
ably a model HBCS-1100, and the LED 542 is 
preferably a model HEMT-6000. both supplied by 
the Hewlett-Packard Company. Other models of 
barcode reader may , require other similar circuits 

50 and/or modifications. 

Rgure 7 is a side cut-away view of a prefenred 
embodiment of an audio receiver 600. which incor- 
porates tiie functions of tiie article authorization 
receiver 610. This embodiment is suitable for AtC 

55 systems which employ an audio generator (not 
shown) as an element of the authorization signal 
producer 260. Such a generator would typically 
produce an audible tone in which is encoded in 
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some manner the article removal authorization sig- 
nal 270. The encoding method could involve one or 
more frequencies, or the duration of the audio 
signal, or some combination. Rgure 7 also shows 
cable 640, which carries received removal authori- 
zation signal 270 through any convenient signal 
transmission means. The cable 640 terminates on 
circuit board 641, and connects the audio receiver 
with the terminal 800. 

The circuit of circuit board 641 preferably is 
designed to produce a voltage pulse whenever an 
audible signal is detected by microphone 642. 
Thus, if the tennlnal Is adapted to receive this 
voltage pulse, it operates as if the authorization 
signal producer 260. which produced the audible 
tone, is directly connected to it. A preferred design 
incorporates a frequency-sensitive circuit, Icnown in 
the art as a "bi-quad" RC active bandpass filter, 
tuned to the specific audible signal produced by 
authorization signal producer 260. Typically, this 
audible signal is between 0.9 and 4.0 kHz. A pre- 
ferred microphone 642 is model MCI 606 supplied 
by the Armaco Company. It is useful to use a 
parabolic reflector in conjunction with the micro- 
phone to focus the microphone in the direction of 
the audible signal source of the AlC system. Other 
frequency sensitive circuits and components may 
be suitable for other audible signals. 

While certain representative embodiments and 
details have been shown to illustrate this invention, 
it will be apparent to those skilled In this art that 
various changes and modifications may be made in 
this invention without departing from its true spirit 
or scope, which is indicated by the following 
claims. 



Claims 

1. An article removal control system for en- 
abling removal of a given article only by a given 
authorized user from a facility which has: 

(a) an article inventory control system which re- 
sponds to inputs including user identification data 
and article identification data to issue an article 
removal authorization signal, and 

(b) an electronic article surveillance system which 
controls removal of the article by detecting within 
an inten'ogation zone a sensitized electronically 
detectable marker secured to the article: 

the article removal control system comprising: 

(c) an article removal authorization signal receiver 
and 

(d) means responsive to the article removal au- 
thorization signal for initiating removal of the given 
article, comprising 

(1) a measurer of a characteristic of the given 
article. 



(2) a receiver of a coded input signal representing 
the measured characteristic. 

(3) a comparer of the measured characteristic and 
the coded input signal, which produces a verifica- 

5 tion signal if they are substantially equal, and 

(4) an enabler which upon receipt of the verification 
signal enables the initiation of the removal of the 
given article. 

2. A system according to Claim 1 , further com- 
10 prising a terminal comprising user and article iden- 
tification data receivers, and transmitters of both 
data as inputs to the article inventory control sys- 
tem. 

3. The system of Claim 2. in which the the 
75 article authorization removal signal receiver is re- 
mote from and coupled to the terminal. 

4. The system of Claim 2. in which Uie coded 
Input signal receiver is responsive to user input. 

5. The system of Claim 4. in which the coded 
20 input signal receiver comprises a keypad. 

6. The system of Claim 2, in which the terminal 
further comprises a marker inten'ogator and sensor. 

7. The system of Claim 2, in which the terminal 
further comprises a marker deactivator. 

25 8. The system of Claim 7, in which tiie terminal 
further comprises a marker reactivator. 

9. The system of Claim 1 in which at least one 
user and article identification data transmitter Is 
remote from and coupled to tiie terminal. 

do 10. The system of Claim 9, in which at least 
one remote transmitter provides user identification 
data in a form suitable for reading by bar code 
scanners of the article inventory control system, 

11. The system of Claim 9, in which at least 
35 one remote transmitter provides article identifica- 
tion data in a form suitable for reading by bar code 
scanners of tiie article inventory control system. 

12. The system of Claim 1. In which the char- 
acteristic measured is tiie thickness of the article. 

40 13, The system of Claim 12. in which tiie 
characteristic measurer comprises an ultrasonic 
ranger. 

14. The system of Claim 1, in which the article 
removal autiiorization signal is a sound-encoded 
45 signal of tiie article inventory control system. 
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Description 

Technical Field 

This invention relates to a system for controlling 
removal of a specifically identified article from a fa- 
cility by a specifically authorized user. 

Background 

Article inventory control (AlC) systems, in gener- 
al, authorize, track, and control movement of a given 
article within a facility by a given user. An example is 
a library circulation control system. In this case, a 
user could identify himself or herself with an identifi- 
cation card containing magnetically or optically de- 
tectable data (e.g., a barcode). The articles, books in 
the collection of the library, typically would have a 
similar identifying label. Usually a computerized user 
database contains Identification data on all registered 
patrons of the library, and a similar article database 
contains identification data on all books in the library. 
When someone desires to remove a book from the li- 
brary, the library circulation control system will first 
verify that the person is an authorized patron of the 
library, i.e.. that the person is authorized to check out 
any book, or any of a particular class of books. The 
system will then verify that the particular book may be 
removed from the library, e.g, that it is not "on re- 
serve." If both the user and the book are authorized 
by the system, the book may be removed, ("checked 
out") by that user. This authorization is often a visual 
or audible signal to library personnel. Additionally, but 
not required, the system could maintain data which 
correlates the specific user with the specific books 
checked out, and may issue fine notices, usage re- 
ports, and the like. 

To prevent unauthorized removal of articles by 
users of facilities, electronic article surveillance 
(EAS) systems may also be employed. An electronic 
article surveillance system is defined as a system 
which comprises: 

(1) a remotely interrogatable marker attached to 
a given article; 

(2) means for interrogating and sensing the mark- 
er within an interrogation zone, thereby determin- 
ing presence of the article; and 

(3) means for preventing removal of the article by 
a user of the facility. 

For the purposes of this invention, the term "re- 
moval" Is understood to include the ability of the user 
to gain access to an article, to move an article from 
one point to another within a facility, to bring an article 
into a facility, or to remove an article from a facility. 
The last of these is a common use of EAS systems. 
However, an EAS system as defined above can con- 
trol, for example, the routing of articles from one por- 
tion of a factory assembly line to another. 



Many EAS systems employ a magnetic "marker" 
attached to an article, with appropriate marker inter- 
rogation and sensing apparatus located at one or 
more locations in the facility. Typically, removal of an 
5 artide is prevented by restricting movement of the ar- 
ticle within or from the facility, as with a lockable exit 
gate. The gate is locked in response to an alarm signal 
when a marker is detected within an interrogation 
zone located immediately before the exit In the iibra- 

10 ry example used above, the marker may comprise a 
piece of magnetic material adapted to be inserted in 
the book spine or attached inside the book cover. 

Typically. EAS systems employ permanently or 
reversibly deactivatable markers and the apparatus 

15 associated with them. Such markers are also known 
as "dual status" markers. Permanently deactivatable 
markers are preferred where it is appropriate in cer- 
tain circumstances for an article to pass through the 
interrogation zone without preventing removal. For 

20 example, in a retail store, if an article of merchandise 
has been purchased in a particular department, the 
marker may be deactivated at that point so that an in- 
terrogation zone in another department will not acti- 
vate the marker. Reactivatable markers are appropri- 

25 ate, for example, in libraries where patrons who check 
out a book for an extended period of time may subse- 
quently visit the library with that book during that per- 
iod. In this case, the system should not prevent sub- 
sequent removal of the book until the book has been 

30 returned, the marker reactivated, and the book re- 
turned to circulation. 

Integration of the functions of the two systems 
described above into a single system is known in the 
art. For example, U.S. Patent 3.665,449 (Elder et al.) 

35 at column 15. lines 62-67 generally suggests that au- 
tomated library checkout systems may be combined 
with EAS systems. More specifically related to the 
present invention, U.S. Patent 4, 141, 078 (Bridges, Jr. 
et al.) discloses an automated library circulation con- 

40 trol system which provides for patron identification 
via a card reader, book identification via an optk:al 
reader, modification and interrogation of computer 
data files, an electromagnetic device for magnetizing 
and demagnetizing a magnetic strip in each book, de- 

45 tection of unauthorized removal of books from the li- 
brary, and otherf unctions. The disclosure of U.S. Pa- 
tent 4.141,078 (Bridges. Jr. et al.) is incorporated by 
reference into this application. 

Application of this type of integrated system may 

50 be difficult, especially In libraries in which one or both 
of the individual systems are in current operation. For 
example, some existing EAS systems cannot distin- 
guish individual markers, only whether a sensitized 
marker is present. Thus a single library might employ 

55 markers which are identical, even on different types 
of books in the collection. The marker therefore may 
not already contain coded inventory data which could 
identify the type of article to which it Is attached. A li- 
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brary with such an EAS system in place, but no com- 
puterized inventory control system, would have to 
add a unique inventory control marker to each book. 
Each book generally must be uniquely identified, in- 
cluding the identification of multiple copies of a single 
title, some of which may be in general circulation 
while one is on reserve. 

Furthermore, present EAS systems generally are 
not designed to receive removal authorization signals 
from AlC systems added later. Thus, for complete ar- 
ticle removal control In such a facility, it is necessary 
to have separate article Inventory control and article 
surveillance systems, and usually a manual, labor in- 
tensive, connection between the two. In a library, 
such a connection might be a circulation clerk who, 
seeing a flashing light on the AlC system indicating 
book removal authorization, physically passes a book 
through a marker deactivation device of the EAS sys- 
tem. Another possibility is for the circulation derk to 
manually bypass the removal prevention means, e.g., 
physically passing the book around the interrogation 
device and handing the book to the patron on the 
other side of the lockable gate. Since the patron 
would pass through the interrogation zone without 
any marked books, the gate would remain unlocked 
and thus allow the patron to exit the library. 

Summary of the Im/entlon 

The Invention is claimed in claim 1. 

Brief Description of the Drawing 

Figure 1 is a schematic block diagram of a prefer- 
red embodiment of the invention and associated conv 
ponents. 

Figures 2 and 3 are detailed schematic block di- 
agrams of components of Figure 1. 

Figure 4 is a detailed schematic block diagram of 
the terminal component of Figure 1. 

Figure 5 is a perspective view of a preferred em- 
bodiment of the terminal component of Figure 4. 

Figure 6 Is a side cut-away view of a preferred 
embodiment of the transmitter component of Figure 
1. 

Figure 7 is a side cut-away view of a preferred 
embodiment of the receiver component of Figure 1 . 

Detailed Description 

Figures 1-4 are schematic diagrams In which ma- 
jor components of a preferred embodiment of the in- 
vention are located within a portion of a facility gen- 
erally indicated as 100. Within the facility is at least 
one article 110, attached to which are an article iden- 
tification code 220, an electronic article surveillance 
(EAS) marker 310, and an article characteristic code 
460. The codes 220 and 460 could be parts of a single 



label, similar to a Universal Product Code (UPC) lab- 
el. 

The article inventory control (AlC) system 200 
and electronic article surveillance (EAS) system 300 

5 may exist within the facility prior to the installation of 
the inventive system, or may be installed at or about 
the same time. 

The AlC system 200 includes a user identification 
card 210. In general, this system identifies a user (not 

10 shown) through the user identification card 21 0, and 
similarly identifies the article 110 through the article 
identification code 220. The article Identification 
code could be permanently affixed to the article itself, 
embedded or inscribed on the article, or affixed to a 

15 tag adapted to be attached to the article. The AlC sys- 
tem determines if the identified user is allowed to re- 
move the identified article from the facility. If so, the 
AlC sends an article removal authorization signal 270 
to the terminal 400. If not, removal of the article is pre- 

20 vented as described below. Other functions of the AlC 
system not required here, such as storage of the time 
and date of use. etc., may also be performed before 
the article removal authorization signal 270 Is sent to 
the terminal. 

25 The EAS system 300 interrogates the EAS mark- 
er 310 with interrogation signal 322, receives a 
sensed signal 324, and, upon receipt of a verified ar- 
ticle removal authorization signal 710, allows the user 
to remove the article from the facility. 

30 The Inventive system comprises. In this preferred 
embodiment, at least one terminal 400. In general, the 
terminal 400 converts user and article identification 
data 412 and 422, respectively, into transmitted user 
and article identification signals 232 and 242, respec- 

35 tively , which are passed to the AlC system 200 for the 
identification of the user and article as described 
above. 

Other Inputs to the terminal 400 are an article 
characteristic measurement 432 and a coded article 

40 characteristic measurement 442. In the embodiment 
shown in Figure 1, the source of the coded article 
characteristic measurement is the article characteris- 
tic code 460 attached to the article 11 0. The coded ar- 
ticle characteristic measurement 442 is entered at the 

45 terminal by the user 120. This embodiment is prefer- 
red but not required: the coded article characteristic 
measurement 442 could be introduced to the terminal 
automatically In a manner similar to that used for the 
user or article identification data 412 or 422. respec- 

50 tively. The embodiment shown requires interaction 
between a user and the terminal 400. which can be 
used to Improve the security of the total system. 

The terminal compares the article characteristic 
measurement 432 with the coded article characteris- 

55 tic measurement 442. If the two agree (within suitable 
tolerances), it is presumably verified that the entire 
article 110, and only that article, is physically present 
at the terminal, and not just the article identification 
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code 220 (which might have been removed from the 
article, if possible), or more than one article (which 
would produce a different article characteristic meas- 
urement 432). When both this agreement and the ar- 
ticle removal authorization signal 270 are present, the 
terminal issues the verified article removal authoriza- 
tion signal 710 to the EAS system 300. 

In this way, communication between the sepa- 
rate systems 200 and 300 is established. The result 
is that the EAS system permits a given article to be 
removed from the facility only by a given authorized 
user, as detemfiined by the AlC system. 

Signals 232, 242. and 270, however, present spe- 
cial difficulties. As stated earlier, many present AlC 
systems are not adapted to communicate with other 
systems to provide the benefits of this invention, es- 
pecially if the AlC system is not designed and/or in- 
stalled contemporaneously with an EAS system. As 
disclosed below, this invention utilizes existing AlC 
signals in the integration of AlC and EAS functions 
without requiring significant modifications to the AlC 
system or "hardwired" connections between the two 
systems. In order to disclose this, additional descrip- 
tion of the AlC and EAS systems is useful. 

Figure 2 is a schematic block diagram of a typical 
prior art article inventory control system 200. As stat- 
ed above, inputs to this system are the transmitted 
user Identification signal 232, and the transmitted ar- 
ticle identification signal 242. The output from the 
system is the article removal authorization signal 270. 
The transmitted user identification signal 232 is eval- 
uated by a user identifier 230 (e.g., a database is 
searched), and a determination is made whether the 
user is known to the system. If so. a verified user iden- 
tification signal 234 is Issued to an article removal au- 
thorizer 250. Similarly, the transmitted article identi- 
fication signal 242 is evaluated by an article Identifier 
240 (e.g., another database Is searched), and a de- 
termination is made whether the article Is known to 
the system. If so, an article identification signal 244 
is issued to the article removal authorizer250. The ar- 
ticle removal authorizer 250 uses both verified iden- 
tification signals 234 and 244 to decide if the user is 
authorized to remove the article from the facility. (Ad- 
ditional considerations, not shown, may include the 
time of day, number of previous removal requests by 
a given user in a day, and the like.) If so, an article re- 
moval authorization signal 270 is produced. If any of 
the evaluations, determinations, etc., above indicate 
an unauthorized user and/or unauthorized article, the 
article removal authorization signal 270 is not pro- 
duced. 

Figure 3 is a schematic block diagram of a typical 
electronic article surveillance system 300, including 
modifications according to this invention. As stated 
above, this system sends the interrogation signal 322 
to the EAS marker 310 and receives the sensed sig- 
nal 324 from the EAS marker 310. It also receives the 



verified article removal authorization signal 710 from 
the tenminal 400. Typically, the interrogation signal 
322 results in an alternating magnetic field of known 
intensity and frequency in an interrogation zone. The 
5 sense signal 324 is induced as a result of the alternat- 
ing magnetization in the marker in response to the in- 
terrogation signal 322. and comprises multiple har- 
monics of the interrogation signal. When an activated 
EAS marker 310 is interrogated and sensed by an in- 
fo terrogator/sensor 320, an activation status signal 330 
is created. This signal is used by removal preventer 
350 to decide if the article to which the activated 
marker is attached may be renwved from the facility. 
The embodiment shown in Figure 3 is suitable for 
15 use with permanently deactivatable markers. Accord- 
ingly, the EAS system 300 further comprises deacti- 
vator 340. which receives the verified article removal 
authorization signal 710. The total system operates 
as described above, and additionally the receipt of 
20 signal 710 energizes the deactivator, which in turn 
emits deactivation signal 342 to the marker 310. Typ- 
ically, deactivation signal 342 is a high intensity non- 
alternating magnetic field. Once marker 310 is per- 
manently deactivated, sensed signal 324 will not be 
25 produced upon subsequent interrogation, and thus 
the activation status signal 330 will be the same as if 
no marker was sensed at a|I. Therefore, the removal 
preventer 350 will not prevent the user to remove the 
article. 

30 An embodiment similar to the above is suitable 
for EAS systems employing reactivatable markers. In 
this case, there will be at least two signals received 
by the EAS system from the terminal. One signal 
would be the verified article removal authorization 

35 signal 71 0, which would be used, for example, to allow 
a library user to remove a book from the library upon 
"check out." Upon receipt of this signal, the system 
would operate as described above, except the marker 
will be only temporarily deactivated. A second signal 

40 (not shown) would energize a reactivator, which 
would emit a suitable signal to restore a temporarily 
deactivated marker to active status. This would be 
used, for example, to allow a library user to return a 
book to the library upon "check in." 

45 Regardless of the type of marker chosen, remov- 
al of articles by users determined to be authorized by 
the article inventory control system is accomplished 
by requiring an appropriate activation status signal 
330 as described above. 

50 Figure 4 Is a schematic block diagram of the ter- 

minal 400. The terminal receives the user identifica- 
tion data 412. the article identification data 422, the 
article characteristic measurement 432, the coded ar- 
ticle characteristic measurement 442, and the article 

55 removal authorization signal 270. The tenminal sends 
the user identification signal 232, the article identifi- 
cation signal 242. and the verified article removal au- 
thorization signal 710. A user of the facility who de- 
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sires to remove an article from the facility enters his 
or her user identification data into the tennninal, e.g.. 
by typing an identification number on an alphanume- 
ric keypad. Similarly, the artide identification data is 
entered into the terminal, e.g., by using an optical 
scanner to read a barcode on the artide. A user iden- 
tification recerver410 receives the user identification 
data 41 2 and sends an internal user identification sig- 
nal 414 to the user identification transmitter 510. 
Similarly, an artide identification receiver 420 re- 
ceives the article identification data 422 and sends 
an internal article identification signal 424 to the ar- 
tide identification transmitter 520. Either or both of 
these processes could involve a translation of the in- 
put signals 412 and 422 into a different encoding for- 
mat, such as from ASCII to BCD. 

The user identification transmitter 510 receives 
the internal user identification signal 414 and sends 
the transmitted user identification signal 232 to the 
user identifier 230 of the AlC system 200, described 
above (Figure 2). Similarly, the artide identification 
transmitter 520 receives the internal artide identifi- 
cation signal 424 and sends the transmitted artide 
identification signal 242 to the artide identifier 240. 
Either or both of these processes could involve a 
translation of the internal signals 414 and 424 into a 
different encoding fonmat, such as ASCII to BCD. It is 
mandatory that the user and artide identification sig- 
nals 232 and 242 be compatible in coding (e.g.. AS- 
CII) and form (e.g., audible tone, varying voltage lev- 
el, etc.) to the signals which the AlC system is de- 
signed to accept 

The artide characteristic measurement is made 
by an artide characteristic measurer 430, which also 
produces a measured article characteristic signal 
434. The coded artide characteristic receiver 440 re- 
ceives the coded artide characteristic measurement 
442 representing the same characteristic, but the lat- 
ter is coded in a form that is not necessarily under- 
standable to the user. For example, with a keypad as 
described above, the user may enter an alphanumeric 
or other code printed on a label attached to the artide. 
Alternatively, if the code is in the form of a barcode, 
or the like, it may also be automatically entered. The 
code gives the value of the characteristic as meas- 
ured before the artk:le was made available for remov- 
al from the facility. In response, the terminal produces 
a coded artide characteristic signal 444, and the 
measured characteristic verifier 450 compares the 
measured and coded signals 434 and 444 to verify 
that only the actual artide. and not just a tag contain- 
ing the artide identification code 220 for example, is 
in fact present at the terminal. This comparison pro- 
duces a characteristic verification signal 452, which 
is one input to an artide removal enabler700. The use 
of a verified measured characteristic of the artide is 
preferred for its accuracy over non-measurement 
based systems such as that taught in U.S. Patent 



4,141,078 (Bridges, et aL), e.g.. at column 6, lines 6- 
14. 

The other input to the artide removal enabler 700 
is an internal article removal authorization signal 614. 

5 This signal is produced by an artide removal author- 
ization receiver 610. which receives the article remov- 
al authorization signal 270 from the article removal 
authorizor 250 of the AlC system 200. as described 
above. As with the user and artide identification 

10 transmitters 51 0 and 520, the artide removal author- 
izatbn receiver 610 could translate the artide remov- 
al authorization signal 270 into a different encoding 
fonmat, such as from ASCII to BCD. It is likewise man- 
datory that the articie removal authorization receiver 

15 610 be capable of receiving and understanding the ar- 
tide removal authorization signal 270 which the AlC 
system is designed to emit, induding coding (e.g., AS- 
CII) and form (flashing light, RS-232C, 20mA current 
loop. etc.). 

20 The artide removal enabler 700 performs a logi- 
cal "and" function, requiring both signals 452 and 614 
to be present before issuing the artide removal au- 
thorization authorization signal 710 to deactivator 
340 of the EAS system 300. Thus, the issuance of the 

25 signal 710 identifies to the EAS system that (1) the 
user is authorized to remove the article according to 
the article removal authorization signal 270. and (2) 
the article is in fact present at the terminal according 
to the measured characteristic verification signal 

30 452. 

In certain applications, it may be convenient to re- 
move the user identification transmitter 510 and/or 
the artide identification transmitter 520 from the ter- 
minal 400 and physically locate either or both near the 

35 AlC system 200. Similarly, the artide authorization 
receiver 610 may be removed from the terminal 400 
and located near the EAS system. However, it is pre- 
ferred to incorporate or duplicate the deactivation 
and/or reactivation functions directly into the terminal 

40 400. In this case, the artide authorization receiver 
610 is not removed from the terminal 400, and article 
removal authorizatton signal 710 is wholly internal to 
the terminal 400. However, the removal preventer 350 
would still stand alone and indude a duplicate inter- 

45 rogator/sensor 320 operating as described above. 

Figure 5 shows a preferred embodiment of the 
terminal suitable for use in a library. The embodiment 
of Figure 5 includes the preferred configuration dis- 
cussed above, in which certain interrogation, sens- 

50 ing, and deactivation functions of the EAS system are 
additionally incorporated into the terminal. In this em- 
bodiment, the article 110 is a book, map, or other 
member of the collection of the library; a user of the 
facility is typically referred to as a "patron" of the 11- 

55 brary; and the EAS system 300 typically indudes as 
the removal preventer 350 a gate which is normally 
locked. Typically, the patron, carrying the book, pass- 
es through an interrogation zone immediately before 
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exiting from the library or an individual department of 
the library; if the electronic article surveillance sys- 
tem interrogates and senses an activated marker at- 
tached to the book (i.e.. the marker was not tempor- 
arily deactivated as part of the book check out proce- 
dure), the gate is held shut, thereby preventing 
egress, and perhaps also activating a visible or audi- 
ble aiami. 

in the embodiment of Figure 5. the tenminal 800 
receives the user identification signal 412 by means 
of an optical sensor 802. The patron places an iden- 
tification card flat on the book shelf 804 and against 
the front face of card rail 803. which holds the card in 
the proper orientation. The identification card, in this 
embodiment, has user identification data encoded on 
it in the form of a barcode or other means which can 
be optically detected. Optical sensor 801 detects the 
presence of the card and enables optical sensor 802. 
The use of two optical sensors is not required, but is 
preferred to ensure that ambient light does not trigger 
optical sensor 802 when an identification card is not 
present. Such triggering can cause spurious signals 
which may be improperly interpreted by the terminal 
or the AlC system. As the card is passed by the patron 
from right to left the barcode on the Identification 
card is read, and the user identification data 412 re- 
ceived. 

The optical sensors could be replaced by devices 
known in the art for receiving and decoding magneti- 
cally encoded data on the identification card. A simi- 
lar process of reading the encoded data would be use, 
such as passing the card over a "card reader* sensor 
built Into the shelf of the terminal. 

The article identification data 422 is also re- 
ceived by the terminal. The book is placed fiat on book 
shelf 804 and firmly against the back rail 805. Card 
rail 803 is movable and spring loaded so that the book 
lowers it temporarily below shelf 804. The book is 
passed from right to left over the optical sensors 801 
and 802 until it lies in the corner fomned by the book 
shelf 804, the back rail 805, and the side rail 806, 
thereby covering optical sensor 807. This embodi- 
ment requires that the article identification code 220 
be attached to the book In a position which will enable 
the barcode on the marker to be read by optical sen- 
sor 802 when the book is held flat on the book shelf 
804. 

If the optical sensors are replaced by devices 
known in the art for receiving and decoding magneti- 
cally encoded data on the identification card, as de- 
scn'bed above, and it is desired to use the same de- 
vice for receiving the article identif ication data 422 as 
the user identification data 412, the article identifica- 
tion code 220 also must be magnetically encoded. 
However, it is not necessary that the user and article 
identification receivers 410 and 420 be Identical. 

When the book is passed completely from right to 
left, it covers optical sensor 807, which activates the 



characteristic measuring component 808. The termi- 
nal monitors optical sensor 807 and aborts the check- 
out process if the book is removed. In this position, 
the book is suitably positioned to allow the terminal to 

5 measure a characteristic of the book. In the preferred 
embodiment shown, the characteristic measured is 
the thickness of the book along the dimension per- 
pendicular to the book shelf. The preferred means for 
measuring thickness is an ultrasonic ranging meas- 

10 urement of the distance from the characteristic meas- 
uring component 808 and the book. A preferred 
means for ultrasonic ranging is available from the Po- 
laroid Company and is identified as "OEM Ranging 
Kit" with product code IP44491. Following the direc- 
ts tions provided with this product, the ultrasonic rang- 
ing means is adjusted to measure within ±1 .6 millime- 
ters over a range of 11.5 to 25 centimeters. 

Subtraction of the distance between the charac- 
teristic measuring component 808 and the book, from 

20 the known distance between the same point and the 
book shelf 804, yields the thickness of the book. In the 
pnefenred embodiment, this thickness, pre-measured 
before the book was placed in circulation, is coded 
into a hexadecimal value and attached to the book so 

25 that the user may read It as article characteristic code 
460. The user enters the hexadecimal code by means 
of the user declaration keypad 809. This embodiment 
Is preferred as it requires interaction between the pa- 
tron and the system, which is believed to increase the 

30 security of the entire system. The terminal thus re- 
ceives measured and entered values of the same 
characteristic. 

The terminal then compares the measured and 
entered values of the characteristic, and if the two 

35 agree (within acceptable tolerances), the terminal 
concludes that only the specifically identified book is 
present at the terminal, and issues characteristic ver- 
ification signal 452. If only the barcode were passed 
across the optical sensor 802, or if more than one 

40 book were stacked beneath the characteristic meas- 
uring component 808, the measured thickness of the 
book would not agree with the coded measurement 
entered by the user. 

Another suitable characteristic is the weight of 

45 the article. In this embodiment, the tenminal would in- 
corporate a scale to produce the measured character- 
istic, and compare this value to a pre-coded, user- 
entered weight measurement as described above. 
The preferred embodiment of the terminal shown 

50 in Figure 5 utilizes user and article Identification 
transmitters 510 and 520 which are physically sepa- 
rated from the terminal, and also a physically sepa- 
rated article removal authorization receiver 610, as 
described above. Thus, the tenminal passes the user 

55 identification signal 414 and the article identification 
signal 424 to the transmitters 510 and 520 using any 
means known in the art typically common wire. As 
described above, if the article inventory control sys- 
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tem authorizes the removal of the book from the libra- 
ry, the terminal receives the authorization signal 614 
from the receiver 610. This too may be received 
through any means known in the art. 

Figure 6 is a side cut-away view of a preferred 
embodiment of an optical transmitter 500, which in- 
corporates the functions of both the user and article 
identification transmitters 510 and 520. This embodi- 
ment is suitable for AlC systems which employ a bar- 
code reader 530 as an element of both the user iden- 
tifier 230 and the article identifier 240. The optical 
transmitter is connected with the terminal 800 by a 
common cable 540 which carries user identification 
signal 414 and article identification signal 424 
through any convenient signal transmission means. 
Cable 540 terminates on circuit board 541, whtoh in- 
cludes light emitting diode (LED) 542. Cover 501 is 
preferably designed to hold barcode wand 530 in 
close proximity to LED 542. 

The circuit of circuit board 541 Is designed to rep- 
licate, by flashing LED 542, the barcode signal detect- 
ed by optical sensor 802. Thus, the barcode wand 530 
receives the same user and article identification data 
412 and 422. in the same form, as if the barcode wand 
530 had been physically present in the terminal 800 
at the location of optical sensor 802. A preferred cir- 
cuit is described in Application Note 1008 (published 
by the Hewlett-Packard Company in January 1981), 
modified to operate on a 5 vdc power supply and use 
a LED as the output device instead of a direct wired 
connection to a barcode circuit This circuit Is effec- 
tive for use with the barcode wand 530 of a model. 
9410B Portable Bar Code Reader supplied by the In- 
terface Mechanisms Company. The optical sensor 
802 is preferably a model HBCS-1100, and the LED 
542 is preferably a model HE^4T•6000. both supplied 
by the Hewlett-Packard Company. Other models of 
barcode reader may require other similar circuits 
and/or modifications. 

Figure 7 is a side cut-away view of a preferred 
embodiment of an audk> receiver 600, which incorpor- 
ates the functions of the article authorization receiver 
610. This embodiment is suitable for AlC systems 
which employ an audio generator (not shown) as an 
element of the authorization signal producer 260. 
Such a generator would typically produce an audible 
tone in which is encoded in some manner the article 
removal authorization signal 270. The encoding 
method could involve one or more frequencies, or the 
duration of the audio signal, or some combination. 
Figure 7 also shows cable 640, which carries received 
removal authorization signal 270 through any conve- 
nient signal transmission means. The cable 640 ter- 
minates on circuit board 641. and connects the audio 
receiver with the terminal 800. 

The circuit of circuit board 641 preferably is de- 
signed to produce a voltage pulse whenever an audi- 
ble signal is detected by microphone 642. Thus, if the 



terminal Is adapted to receive this voltage pulse, it op- 
erates as if the authorizatk>n signal producer 260, 
which produced the audible tone, is directly connect- 
ed to it A preferred design incorporates a f requency- 

5 sensitive circuit known in the art as a "bi-quad" RC 
active bandpass filter, tuned to the specific audible 
signal produced by authorization signal producer 260. 
Typically, this audible signal is between 0.9 and 4.0 
kHz. A prefenred microphone 642 is model MC1606 

10 supplied by the Armaco Company. It is useful to use 
a parabolic reflector in conjunction with the micro- 
phone to focus the microphone in the direction of the 
audible signal source of the AlC system. Other fre- 
quency sensitive circuits and components may be 

IS suitable for other audible signals. 



Claims 

20 1 . An article removal control system for enabling re- 
moval of a given article (110) only by a given au- 
thorized user from a facility which has: 

(a) an artide inventory control system (200) 
which responds to inputs including user iden- 

25 tiftcation data (210) and article identification 

data (220) to issue an article removal author- 
ization signal (270), and 

(b) an electronic article surveillance system 
(300) which controls removal of the article by 

30 detecting within an Interrogation zone a sen- 

sitized electronically detectable EAS marker 
(310) secured to the article; 
the article removal control system comprising: 

(c) an article removal authorization signal re- 
35 ceiver (610) and 

(d) means responsive to the article removal 
authorization signal for initiating removal of 
the given article, comprising 

(1) a measurer (430) of a characteristic of 
40 the given article, 

(2) a receiver (440) of a coded input signal 
representing the measured characteristic, 

(3) a comparer (450) of the measured 
characteristic and the coded input signal, 

45 which produces a verification signal (452) 

if they are substantially equal, 

(4) an enabler (700) which upon receipt of 
both the verification signal and a signal 
from the article removal authorization sig- 

50 nal receiver enables the initiation of the re- 

moval of the given article by issuing an ar- 
ticle removal authorization signal (710), 

(5) an interrogator/sensor (320) for send- 
ing an interrogation signal (322) to the 

55 EAS marker (310) and receiving a sensed 

signal (324) from the EAS marker, 

(6) a deactivator 340 for receiving said ar- 
ticle removal authorization signal (710) 
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and in turn emitting a deactivation signal 
to the EAS nnarker (310) so that a sensed 
signal will not be produced upon subse- 
quent interrogation. 

5 

2. A system according to Claim 1, further compris- 
ing a tenminal comprising user and article identi- 
fication data receivers, and transmitters of both 
data as inputs to the article inventory control sys- 
tem. 

3. The system of Claim 2, in which the the article au- 
thorization removal signal receiver Is remote from 
and coupled to the terminal. 

4. The system of Claim 2, in which the coded input 
signal receiver is responsive to user input. 

5. The system of Claim 4, in which the coded input 
signal receiver comprises a keypad. 

6. The system of Claim 2, in which the terminal fur- 
ther comprises said marker Interrogator and sen- 
sor. 

7. The system of Claim 2, in which the tenminal fur- 
ther comprises a marker reactivator. 

8. The system of Claim 1 in which at least one user 
and article identification data transmitter is re- 
mote from and coupled to the terminal. 

9. The system of Claim 8, In which at least one re- 
mote transmitter provides user identification 
data in a form suitable for reading by bar code 
scanners of the article inventory control system. 

10. The system of Claim 6, In which at least one re- 
mote transmitter provides article identification 
data in a form suitable for reading by bar code 
scanners of the article inventory control system. 

11. The system of Claim 1, in which the characteristic 
measured is the thickness of the article. 

12. The system of Qaim 11, In which the character- 
istic measurer comprises an ultrasonic ranger. 

13. The system of Claim 1 , in which the article remov- 
al authorization signal is a sound-encoded signal 
of the article inventory control system. 



Patentanspr uche 

1. System zur Oberwachung der Entfernung von 
Gegenstanden, welches die Mitnahme eines be- 
stimmten Gegenstandes (110) aus einer Einrich- 



tung ausschlieQlich durch einen bestimmten au- 
torisierten Benutzer zulS&t. und das folgendes 
umfa&t: 

(a) ein Gegenstandsverzeichnis-Verwaltungs- 
system (200), das auf Eingaben mit Benutzer- 
Identlfizierungsdaten (210) und Gegen- 
standsidentiflzierungsdaten (220) reagiert. 
um die Ausgabe eines Freigabesignals (270) 
zur Gegenstandsentfernung zu bewirken« 
und 

(b) ein elektronisches Gegenstandsuberwa- 
chungssystem (300), das die Entfernung des 
Gegenstands uberwacht, indem es in einer 
Kontroitzone einen sensitivierten. elektro- 
nisch erfa&baren EAS-Marker (310) erfa&t. 
der an dam Gegenstand befestigt ist; 

wobei das System zur Oberwachung der Entfer- 
nung von Gegenstanden folgendes umfa&t: 

(c) einen Empfanger(610) fur das Freigabesi- 
gnal zur Gegenstandsentfernung: und 

(d) eine Vorrichtung, die auf das Freigabesi- 
gnal zur Gegenstandsentfernung reagiert, 
um die Entfernung eines bestimmten Gegen- 
standes einzuleiten. und die folgendes um- 
fa&t: 

(1) eine Medvorrichtung (430) fur eine 
Charakteristik des betreffenden Gegen- 
standes; 

(2) einen Empfanger (440) fur ein codier- 
tes Eingangssignal, das die gemessene 
Charakteristik darstelit; 

(3) einen Vergleicher (450) zum Vergleich 
der gemessenen Charakteristik mit dem 
codierten Eingangssignal, der ein Verifn 
zierungssignal (452) absetzt. wenn diese 
im wesentlichen gleich sind; 

(4) eine Freigabevorrichtung (700), die 
nach Empfang sowohl des Verif izierungs- 
signals als auch eines Signals vom Emp- 
fdnger fur das Freigabesignal zur Gegen- 
standsentfernung die Entfernung des be- 
treffenden Gegenstandes freigibt, indem 
sie ein Autorisierungssignal (710) fur die 
Entfernung des Gegenstandes absetzt 

(5) eine Abf rage/Sensorvorrichtung (320) 
zur Obermitttung eines Abfragesignals 
(322) an den EAS-Marker (310) und zum 
Empfang eines Sensorsignals (324) vom 
EAS-Marker. 

(6) Eine Deaktivierungsvorrichtung (340). 
die das Autorisierungssignal (710) fur die 
Entfernung des Gegenstandes uber-. 
nimmt und in der Folge ein Deaktivie- 
rungssignal an den EAS-Marker (310) ab- 
setzt, so da& bei einer nachfolgenden Ab- 
frage kein Sensorsignal erzeugt wird. 

2. System nach Anspruch 1 , das welter ein Terminal 
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umfa&t, das Obernahmeeinrichtungen fur Benut- 
zer- und Gegenstandsidentifikationsdaten und 
Obergabeeinrichtungen zur Obermitttung beider 
Daten als Etngaben an das Gegenstandsver- 
zeichnis-Verwaltungssystem umfa&t s 

3. System nach Anspruch 2. bei dem der Empfanger 
fur das Frelgabeslgnal zur Gegenstandsentfer- 
nung vom Terminal weggebaut und mit diesem 
verbunden ist io 

4. System nach Anspruch 2. bei dem der Empfanger 
fur das codierte Eingangsstgnal auf Benutzerein- 
gaben reagiert 



5. System nach Anspruch 4. bei dem der Empfanger 
fur das codierte Eingangssignal eine Tastatur 
umfa&t 

6. System nach Anspruch 2, bei dem das Terminal 
zusitzllch die Abf rage/Sensorvorrichtung fur die 
Marlcer umfa&t 

7. System nach Anspruch 2, bei dem das Terminal 
zusdtzlich eine Oeaktivierungsvorrichtung fur die 
Marker umfaGt. 

8. System nach Anspruch 1, bei dem mindestens 
ein Sender fur Benutzer- und Gegenstandslden- 
tifikatlonsdaten vom Terminal weggebaut und 
mit diesem verbunden ist. 
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9. System nach Anspruch 8, bei dem mindestens 
ein weggebauter Sender Benutzeridentifikati- 
onsdaten in einer Fonm bereltstelit, die fur das Le- 35 
sen durch Barcodeleser des Gegenstandsver- 
zelchnis-Verwaltungssystems geeeignet ist 

10. System nach Anspruch 8. bei dem mindestens 

ein weggebauter Sender Gegenstandsidentif ika- 40 
tionsdaten in einer Form bereitstellt, die fur das 
Lesen durch Barcodeleser des Gegenstandsver- 
zelchnis-Verwaltungssystems geeeignet ist. 

11. System nach Anspruch 1, bei dem die gemesse- 45 
ne Charakteristik die Dicke des Gegenstandes 

ist 

12. System nach Anspruch 11, bei dem die Mel^vor- 
richtung fur die Charakteristik einen Ultraschail- so 
Entfernungsmesser umfaQt 

13. System nach Anspruch 1, bei dem das Freigabe- 
signal zur Gegenstandsentfernung ein tonver- 
schlQsseltes Signal des Gegenstandsverzelch- 55 
nis-Verwaltungssystems ist 



Revendlcatlons 

1. Systems de contrdle de ret rait d'articles pour 
permettre le retrait d'un article donn6 (110). d 
partir d'une installation, par un utilisateur autori- 
sd donnd, qui comprand : 

(a) un syst^me de contrdle d'inventaire d'arti- 
cles (200) qui r^pond d des entries, incluant 
des donn^es d'Identlfication d*utilisateur 
(210) et des donn^es d'identification d'article 
(220) de manidre d dmettre un signal d'auto- 
risatlon de retrait d'article (270). et 

(b) un systdme de surveillance ^tectronique 
d'articles (300) qui contrfile le retrait de I'arti- 
de par detection, d I'lnt^rieur d'une zone d'in- 
terrogation. d'un marqueurSEA6lectronique- 
ment detectable sensibilis^ (310) fix6 ^ I'arti- 
de; 

le systdme de contrdle de retrait d'article 
comprenant : 

(c) un r^cepteur de signal d'autorisation de re- 
trait d'article (610) ; et 

(d) des moyens qui r^pondent au signal d'au- 
torisation de retrait d'article pour d^dencher 
le retrait de I'artide donn^. comportant 

(1) un element de mesure (430) d'une ca- 
ract^ristique de I'artide consider^, 

(2) un rdcepteur (440) d'un signal d'entr^e 
code repr6sentant la caract^ristique me- 
sur^e, 

(3) un element de comparaison (450) de la 
caract^ristlque mesur6e et du signal d'en- 
trde code, qui produit un signal de verifi- 
cation (452) si ces valeurs sont sensible- 
ment egales, 

(4) un element de validation (700) qui. d re- 
ceptk)n ^ la fols du signal de verification et 
d'un signal provenant du recepteur de si- 
gnal d'autorisation de retrait d'artide. per- 
met le dedenchement du retrait de I'artide 
constdere, par emlssk)n d'un signal d'au- 
torisation de retrait d'artide (710), 

(5) un element d'interrogation/detection 
(320) pour envoyer un signal d'interroga- 
tion (322) au marqueur SEA (310) et rece- 
voir un signal de detection (324) provenant 
du marqueur SEA. et 

(6) un element de desactivation (340) pour 
recevoir ledit signal d'autorisation de re- 
trait d'article (710) et fournir d son tour un 
signal de desactivation au marqueur SEA 
(310) de sorte qu'un signal de detection ne 
sera pas produit lors d'une interrogation 
subsequente. 

2. Systeme suivant la revendication 1, comprenant 
en outre un terminal qui comporte des recepteurs 
de donnees d'identif ication d'utilisateur et d'arti- 
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de. et des dmetteurs de ces deux donndes 
comma entries au systdme de controle d'inven- 
taire d'artides. 



3. Systdme suivant ta revendication 2, dans lequel 5 
le rdceptaur de signal d'autorisation de retrait 
d'artide est 6loign6 du terminal et relid k celui-d. 

4. Systems suivant la revendication 2, dans lequel 

le r6cepteur de signal d'entr^e cod6 r^pond d une io 
entree d'utilisateur. 

5. Systdme suivant la revendication 4, dans lequel 
le rdcepteur de signal d'entr^e cod6 comprend un 
davier. is 

6. Syst^me suivant ia revendication 2. dans lequel 
le terminal comprend en outre ledit 6l6ment d'in- 
terrogation et de detection de marqueur. 

20 

7. Systems suivant la revendication 2, dans lequel 
le terminal comprend en outre un ^ISment de d6* 
sactivatlon de marqueur. 

8. Syst^me suivant la revendication 1, dans lequel 2S 
au moins un ^metteur de donn6es d'identifica- 

tion d'utiltsateur et d'artide est 6loignd du termi- 
nal et reli6 d celui-ci. 

9. Syst^me suivant la revendication B.dans lequel 30 
au moins un dmetteur distant fournit des donndes 
d'identif ication d'utilisateur sous une forme ap- 
propride k la lecture par des lecteurs de code d 
banres du systdnne de contrdle d'inventaire d'ar- 
tides. 35 



10. Systdme suivant la revendication 8, dans lequel 
au moins un 6metteur distant fournit des donn^es 
d'Identificatlon d'artide sous une forme appro- 
pri6e k la lecture par des lecteurs de code k 40 
barres du systdme de controle d'inventaire d'ar- 
tides. 



11. Systems suivant la revendication 1, dans lequel 

la caract^ristique mesur^e est I'^paisseur de I'ar- 4S 
tide. 

12. Systems suivant la revendication 11, dans lequel 
r^l^ment de mesure de caractdristique 
comprend un ^l^ment de mesure de distance d so 
ultrasons. 

13. Systdme suivant la revendication 1, dans lequel 
le signal d'autorisatlon de retrait d'artide est un 
signal cod6 sonore du systdme de contr5le d'in- 55 
ventaire d'artides. 
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